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Abstract We synthesized cuprous oxide (Cu2O)
nanoparticles (NPs) with an average crystallite size of
8.8 nm in presence of Arka (Calotropis gigantea) leaves
extract. The photo-bleaching activity of Cu2O NPs on the
aqueous methylene blue (MB) dye was studied by illumi-
nation of visible light. In the absorption spectra, a decrease
in the absorption peak intensity at 665 nm of MB was
observed in presence of Cu2O NPs. A red shift in its peak
position as a function of irradiation time is suggesting that
oxide particles are degrading the organic dye in an aqueous
medium. In the vibration spectra, red shift in the C–H
stretching band (2954, 2926, and 2855 cm-1) of methylene
group and C–N stretching band (1343 and 1226 cm-1) of
MB in presence of Cu2O NPs proposes a surface adsorption
of MB over NP’s surfaces. Quenching in the emission band
intensity and red shifts in the peak maxima of MB in
presence of Cu2O NPs is ascribed to the charge transfer
interaction between MB and oxide NPs. A linear Stern–
Volmer plot reveals that decrease in the emission intensity
of MB dye occurs via the dynamic quenching mechanism.
Synthesis of Cu2O NPs of various architectures using a
green route could be use as an approach towards the cost-
effective treatment of water pollutants.
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Introduction
Organic dyes are the major threats to our environments. It
is not an easy task to remove them from dye-bearing waste
waters owing to their stability towards oxidizing agents [1–
3]. Amongst the various organic dyes, methylene blue
(MB)—a cationic dye mostly used in paper, rubber, and
textile industry as colorants—is found in waste water [4–
6]. It is reported that acute exposure to MB dye might
cause tissue narcosis, heart stroke, jaundice, etc., in humans
[7, 8]. Presently a variety of physical, chemical, and bio-
logical methods were available for the treatment of dye
contaminated water. From an extensive literature study, we
concluded that a chemical method such as adsorption
process is an economical and efficient route for elimination
of toxic dyes from polluted water [9–12]. In this regards,
various low-cost adsorbents such as fly ash, metal sulfides
(Ag2S), and metal oxides (titania TiO2, cuprous oxide
Cu2O) have already been tested to treat polluted water [4,
9–13]. In recent years, semiconductor nanoparticles (NPs)
were extensively used by scientists and academicians
around the globe for the removal of various organic dyes
via adsorption route. Pourahmad [4] reported that Ag2S
NPs encapsulated in a mesoporous material can efficiently
degrade MB dye in aqueous solution. In another work,
Srinivasan and White [13] reported an accelerated pho-
todegradation of MB over three-dimensionally ordered
macroporous TiO2 pore sizes lies between 0.5 and 1 lm.
However, owing to high band gap of 3.2 eV, TiO2 cannot
perform in the visible region.
Among the various semiconductor metal oxides as
photocatalyst, Cu2O NPs find a special place in photo-
catalysis under visible light [10–12, 14–16]. Wide appli-
cations of this oxide NPs are mainly owing to its non-
toxicity, easy availability of cheap and up-scalable
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synthetic routes, lying of the band gap (i.e., 2.17 eV) in the
visible range, tunability of band gap, and strong tendency
to adsorb molecular oxygen which helps in scavenging the
photogenerated electrons so that electron–hole pairs
recombination can be restrained easily at the interface [10–
12, 14–16]. It is reported that size and shape are of para-
mount importance in tailoring the various properties and
applications of the Cu2O NPs. A variety of Cu2O nanos-
tructures such as wires, boxes, cubes, truncated cubes,
octahedra, nanocages, nanomultipods, spheres, and a vari-
ety of hollow structures have already been synthesized and
tested for their photocatalytic activity on various organic
compounds [14, 15]. To develop diverse architectures of
Cu2O, the various methods widely used includes
hydrothermal method, microemulsion method, surfactant-
assisted route, and wet chemical method [10–12, 14–16].
Sun et al. [9] have reported an enhanced photocatalytic
activity for Cu2O–graphene oxide (GO) nanocomposite
synthesized via solvothermal route towards Rhodamine B
(RhB) dye. They reported that more than 65 % RhB was
degraded within 80 min of visible light irradiation. Cai
et al. [10] have reported synthesis of Cu2O-reduced GO
(rGO) composite by a one-pot hydrothermal method using
glucose as reducing and cross-linking agent. They reported
that as rGO promotes the charge carrier separation, it
increases the aqueous photocatalytic efficiency. But, nearly
70 % methyl orange (MO) degradation was reported for
this nanocomposite after a long irradiation time of
300 min. In another article, Zhang et al. [11] have reported
80 % MO degradation after 30 min irradiation by gra-
phene/defected Cu2O nanocomposite synthesized via a
chemical vapor deposition method. They stressed on the
importance of O-atoms towards the charge carrier separa-
tion. Zou et al. have reported synthesis of Cu2O–rGO
nanocomposites of various Cu2O crystal facets. They have
reported only 72, 60 and 28 % MB degradation after
120 min for octahedral, dodecahedral and cubic faceted
Cu2O–rGO NPs.
A few reports are available on photocatalytic activity
study of Cu2O NPs synthesized by green chemical route.
Cu2O microcrystals with well-formed facets were synthe-
sized by a simple hydrothermal method by Zheng et al.
[14] and investigated the surface stabilities and photocat-
alytic properties of the synthesized Cu2O microcrystals. It
is reported that Cu2O {100} and {110} facets gradually
disappear and transform into nanosheets during the pho-
todegradation of MO dye. With the increase of irradiation
time, Cu2O microcrystals completely transform into
nanosheets with {111} facets and the finally formed
nanosheets exhibit stable photocatalytic activities. Zhu
et al. [17] have synthesized Cu2O micro-/nanocrystals
using a simple liquid phase reduction process under
microwave irradiation. In particular, for the dandelion
morphology, the photocatalytic degradation rates of RhB
dye is reported to be highest, i.e., 56.37 %. From above
literature studies we concluded that photodegradation
efficiency of Cu2O towards a dye depends on various
parameters such as nature of the dye, synthesis route, shape
and size of NPs, attachment of charge carrier separating
agent to NP, adsorption capability, surface area, etc.
As we have not found any report on MB degradation by
Cu2O NPS obtained via a green route, in this manuscript
we report on visible light photodegradation of MB dye by
biosurfactant-capped Cu2O NPs synthesized via a green
route using leaves extract of Arka plant (i.e., Calotropis
gigantea). The saponin molecules present in the plant
extract not only acts as stabilizing agent [18] but is also
believed to act as charge carrier separator. The synthesized
nano-powders were characterized using UV–visible spec-
troscopy, Fourier transform infrared (FTIR) spectroscopy,
X-ray photoelectron spectroscopy (XPS), X-ray diffraction
(XRD), zeta potential, dynamic light scattering (DLS),
photoluminescence (PL) spectroscopy, field emission
scanning electron microscope (FESEM) and transmission
electron microscope (TEM).
Experimental
Synthesis of Cu2O NPs
We synthesized Cu2O NPs by a green synthetic route using
copper sulfate (CuSO45H2O) crystals as precursor salt,
Arka leaves extract as encapsulating agent, and hydrazine
hydrate as reducing agent in an aqueous medium. In an aim
to synthesize Cu2O NPs, first we prepared a precursor salt
solution (1 M) by dissolving CuSO45H2O crystals in
double-distilled water. After that, an aqueous plant extract
was made by adding about 10 g of Arka leaves to 100 mL
water in a conical flask and was boiled for 1 h in a hot
plate. Now, the two solutions were mixed in a proper ratio
and stirred in a magnetic stirrer for half an hour at 70 C.
Under the stirring condition, reducing agent was added
dropwise till the blue color (i.e., due to Cu2? ions) changed
to a permanent reddish-brown suspension consisting of
cuprous oxide (Cu2O) NPs. The aqueous suspensions thus
obtained was kept standstill overnight to settle down Cu2O
NPs. After careful decantation of upper supernatant liquid,
those solid particles which were settled at the bottom of the
container were kept in an electrical oven maintained at
80 C for 2 h for complete removal of solvent so that
samples can be collected in powder form. To confirm the
formation of Cu2O NPs, we added 2 mL of concentrated
ammonia solution to 10 mg Cu2O powders taken in a
25-mL beaker. A clear blue solution results from formation
of [Cu(NH3)4(H2O)2]
2? complex after shaking the beaker
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for a few seconds which indicates formation of cop-
per(I) oxide [19]. The dried nano-powders were stored in
desiccators for characterizations.
Characterization techniques
We characterized the as-synthesized Cu2O powders using
UV–visible spectroscopy, FTIR spectroscopy, XPS, XRD,
zeta potential, DLS, PL spectroscopy, FESEM and TEM.
UV–visible absorption spectra were acquired on a Perkin-
Elmer spectrophotometer. The crystal phase of synthesized
NPs was identified using an X-ray diffractometer (Rigaku
D/Max 2000). Vibration spectra have been studied for the
powder samples with a Thermo Nicolet Corporation FTIR
Spectrometer (Model NEXUS–870). X-ray photoelectron
spectrum (XPS) was collected on a VG ESCALAB MK-II
spectrometer with a monochromatic Al Ka source
(hm = 1486.6 eV) operated at 10 kV and 20 mA at
10-9 Pa. Sample for XPS was prepared by drop-casting
method. A drop of aqueous dispersion of Cu2O NPs was
placed on the silicon substrate and allowed to dry in des-
iccators by keeping overnight at room temperature. Zeta
potential was measured using a Malvern Nano ZS instru-
ment using phase analysis light scattering technique. Solid
samples were sonicated for 20 min to well disperse oxide
NPs in water prior to measuring zeta potential (n). The
Malvern Nano ZS instrument was also used to find
hydrodynamic diameter (Dh) of the aqueous suspension
before and after adding Cu2O NPs to MB dye. The dis-
persed samples were analyzed at least for thrice at 25 C to
get accurate results. The PL spectra have been recorded
with a computer-controlled Perkin-Elmer (Model-LS 55)
luminescence spectrometer in conjugation with a red-sen-
sitive photomultiplier tube detector (RS928) and a high-
energy pulsed Xe-discharge lamp as an excitation source
(average power 7.3 W at 50 Hz). Image of a biosurfactant-
modified Cu2O nanocomposite powder was studied using
FESEM of ZEISS SUPRA-40 and TEM of JEM-2100
(JEOL, Japan) machines. TEM sample was prepared by
placing one drop of diluted solution on a carbon-coated
600-mesh copper grid and allowing the sample to dry in
desiccators at room temperature. In the FESEM studies, the
sample was spin-coated on a (110) silicon plate and then a
thin gold coating was sputtered to make a conducting
surface.
Photocatalytic degradation
To study the photodegradation of MB dye in an aqueous
medium, first we prepared a suspension of Cu2O particles
(100 mg) by dispersing it in a 500 mL solution of MB
(20 mg/L) in water. The aqueous suspension was then
sonicated for 20 min in dark to make the powders disperse
well in the solution before irradiation with visible light.
The photocatalytic reaction was conducted in a 500-mL
cylindrical glass reactor. We used 500 W Xenon lamp with
a UV cutoff filter as visible light source. The dispersion
was bubbled with 100 mL/min O2 and stirred magnetically
at 30 C. At regular intervals, 15 mL of the suspension was
sampled and separated by centrifugation at 4000 rpm for
10 min to remove the powder. The concentration of
residual MB (i.e., supernatant liquid) was measured by its
absorbance (A) at 665 nm with a Perkin-Elmer spec-
trophotometer. The degradation efficiency (D) of MB was
calculated using the equation, D = (A0 - A)/A0 9 100 %,
where A0 is the absorbance of 20 mg/L MB at 665 nm, A is
the absorbance at the same wavelength of the extracted
solution. As a control, another sample was analyzed
without irradiating to test the adsorption ability of the oxide




Figure 1 shows evolution of absorption spectra
(400–900 nm) of MB in presence of Cu2O NPs upon
irradiation of visible light; (a) 0, (b) 10, (c) 20, (d) 30,
(e) 60, (f) 90, and (g) 120 min at room temperature. Before
irradiating, MB solution with Cu2O NPs was kept in the
dark for nearly 3 h to eliminate possibility of other effects
such as adsorption and reaction without light to affect the
result. As shown in Fig. 1, MB displays two absorption
bands, one near 605 nm and other one near 665 nm. The
decrease in the intensity of absorption peaks with time
elapsed is ascribed to degradation of MB by Cu2O NPs. For
Fig. 1 Absorption spectra of MB in presence of Cu2O NPs upon
irradiation of visible light; a 0, b 10, c 20, d 30, e 60, f 90, and
g 120 min
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example, at 665 nm, the absorbance has decreased from 1.9
to 1.46 cm-1 after irradiation for only 10 min and this
value has decreased to as small as 0.14 cm-1 after 120 min
irradiation of visible light. This reveals that rate of
decomposition of MB increases very fast with time. The
extremely low intensity of 665 nm band after 120 min
irradiation of light suggests that concentration of residual
MB is very low.
We studied the degradation of MB to verify the photo-
catalytic activity of aqueous suspensions of Cu2O NPs by
irradiation with visible light. For this, we monitored the
absorbance of MB solution at the absorption maximum
wavelength 665 nm. The % degradation was calculated
from the change in absorbance value during photodegra-
dation with time of light irradiation. Figure 2 depicts the %
degradation of MB before and after light irradiation against
time of exposure. As can be seen from the Fig. 2, in the
dark, the effect of photolysis on MB is not apparent. The
concentration of MB solution slightly decreases due to the
adsorption of MB on the surfaces of the catalyst. On the
other hand, in presence of light, the %decomposition of
MB dye in presence of Cu2O NPs decreases non-linearly
and reaches a value of 90 % after 120 min of light expo-
sure. The observed photodegradation efficiency of biosur-
factant-capped Cu2O NPs on MB dye is due to presence of
biosurfactant on its surface. The role of biosurfactant here
is to promote charge carrier separation to enhance the
photocatalytic efficiency. Cai et al. [10] have reported that
the efficiency of Cu2O NPs has increased owing to intro-
duction of rGO which act as charge carrier separator. In
comparison to the work by Zou et al. [12], our sample has
performed well and may be ascribed to small size of the
Cu2O cluster as seen from TEM and FESEM images. In an
article, Zho et al. [20] reported a similar decrease in the
intensity of 665 nm band of MB by halloysite nanotube-
supported silver NPs. They have reported nearly 90 % of
MB degradation after 60 min irradiation. They ascribed
superior efficiency to larger surface area of halloysite
nanotubes.
XRD pattern
Figure 3 depicts the XRD pattern of Cu2O nanopowder
(a) before and (b) after degrading MB dye. According to
the JCPDS card no. 78-2076, both the patterns can be
indexed as face-centered cubic structure [9–12]. Before
adsorption of MB dye solution, the characteristic peaks
(Fig. 3a) as observed at 2h values of 29.3, 36.8, 42.3, 61.4,
73.5, and 77.6 are assigned to the crystal planes of (110),
(111), (200), (220), (311), and (222) of crystalline Cu2O,
respectively [9–12]. Form the most intense (111) peak, the
crystallite size of Cu2O NPs before and after MB adsorp-
tion is found to be 8.8 and 9.3 nm, respectively. The result
implies that adsorption of MB dye on the surface of oxide
particles hardly alters the crystallite size and the reclaimed
Cu2O NPs retain their catalytic activity.
FTIR spectra and DLS
Figure 4 which depicts vibration spectra in the ranges
3200–800 cm-1 for MB (a) before and (b) after adsorption
on the Cu2O NPs surface reveals photodegradation of the
dye. As shown in Fig. 4a, the FTIR spectrum of MB shows
three C–H stretching bands (2807, 2866, and 2924 cm-1),
one C–H bending vibration (920 cm-1) and three C–N
stretching bands (1131, 1253 and 1352 cm-1) [21–23].
After 60 min of light irradiation, a significant decrease in
the intensities of these bands occurs when the MB dye gets
adsorbed via S-atom on the surface of oxide NPs. Yu et al.
[23] reported that the intensity of vibration bands between














Fig. 2 Degradation of 20 mg/L MB in presence of Cu2O NPs
a before and b after visible light irradiation


























Fig. 3 XRD patterns of Cu2O NPs a before and b after MB
adsorption
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1700 and 1100 cm-1 of MB dye has decreased in presence
of TiO2 NPs when illuminated with visible light. In another
report, Amini et al. [24] showed that upon lighting with
visible light, the intensity of C–N stretching band in MB
dye has decreased drastically in presence of MnOx/WO3
catalyst and H2O2. A profound blue shift in these modes
too indicates photodegradation of MB in presence of Cu2O
NPs via surface adsorption process. A large blue shift of
nearly 23 cm-1 that is from 2866 to 2843 cm-1 in the C–H
stretching band and nearly 3 cm-1 shift in C–N stretching
bands suggests interfacial interaction between MB and
oxide NPs. Disappearance of C–H bending vibration of
heterocycle ring of MB in presence of oxide NPs also
suggests that surface interaction arises between these two
entities. In an experiment, Behera and Ram [25] have
ascribed a small red shift of 5 cm-1 in the C=O stretching
vibration in presence of Au NPs to a weak interaction
between poly(vinyl pyrrolidone) polymer and Au surface
via the O-atom of the pyrrolidone ring.
We also studied the size distributions of Cu2O NPs
(a) before and (b) after MB adsorption which are shown in
Fig. 5. As it is seen from the DLS profile, the average
hydrodynamic diameter of Cu2O NPs has increased from
11.7 to 12.7 nm. This clearly hints that the average size of
Cu2O NPs has hardly increased when MB dye gets
adsorbed on the oxide surface.
Zeta potential and XPS study
Figure 6 displays the distribution of zeta potential (n) of
Cu2O NPs (a) before and (b) after MB adsorption at 7.5 pH.
As it is seen from the Fig. 6a, the zeta distribution profile
of Cu2O NPs before MB addition gives an average n-value
(-) 11.0 mV. Negative zeta potential of Cu2O NPs rep-
resents accumulation of negative charges on the surface of
oxide NPs. When MB dye is added to the aqueous sus-
pension of Cu2O NPs and the n-value determined imme-
diately, the sign has changed from negative to positive with
an average n-value (?) 4.0 mV. The positive n-value could
be ascribed to accumulation of positively charged S-atom
of MB? dye (see Scheme 1) on the surface of oxide NPs.
After 30 min of illumination, the same sample again
acquires a negatively charged surface with an average n-
value (-) 20.0 mV. This may be ascribed to accumulation
of negatively charged electrons on the oxide surface when
donation of non-bonding electrons of S-atom of MBH (see
Scheme 2) occurs to the surface of Cu2O NPs [26]. Also it
is observed from Table 1 that, when MB interacts with
Cu2O NPs, the full width at half maximum (FWHM), i.e.,
width of zeta band has increased from 9.8 to 11.0 mV. This
value has further increased to a value 13.7 mV when it gets
















Fig. 5 Size distributions of Cu2O NPs a before and b after MB
adsorption in an aqueous dispersion




























Fig. 6 Zeta potential distribution of Cu2O NPs a before, b immedi-
ately after MB addition and c after 30 min of MB adsorption
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adsorbed on the surface of oxide NPs. These results clearly
hint that an interfacial interaction exists between MB and
oxide NPs and extent of surface interaction increases with
time. Yao and Wang [27] reported that the solution pH is
an important parameter which controls the photodegrada-
tion efficiency of TiO2 NPs on MB dye as it influences the
sign of surface electrical charge of the oxide NPs. At pH 2,
the average n-value of TiO2 NP is reported to be (?)
19.04 mV whereas at pH 9, the average n-value of TiO2 NP
is (-) 25.49 mV.
XPS measurement was done to study the surface inter-
action between oxide NP and MB molecules and to finding
the chemical state of copper (Cu) atom in synthesized NPs.
Figure 6a depicts the XPS spectrum recorded for 2p pho-
toelectrons of Cu (A) before and (B) after adsorption of
MB molecules. In Fig. 6a, the XPS spectrum for Cu2O NPs
before MB adsorption detects a doublet for Cu2p band, i.e.,
Cu 2p3/2 and Cu
2p1/2 at 932 and 952 eV, respectively [28].
In sample-B, i.e., after MB adsorption, the Cu 2p3/2 band
appears at binding energy (BE) of 932.9 eV. The band at
932.9 eV is assigned for Cu 2p3/2 peak of Cu
0. It is sug-
gested that when Cu2O NPs comes in contact with MB and
irradiated with visible light, it oxidizes the dye and possi-
bly itself gets reduced to Cu0 from Cu? state. The O1s peak
of Cu2O NPs before and after MB adsorption is shown in
Fig. 6b. The broad peak which centered at 530.7 eV is for
the metallic oxide (O2-) [29]. Zhang et al. [11] have
reported O1s peak of Cu2O NPs at 531.94 eV owing to
adsorbed O-atom. It is seen from the spectra that the
intensity of this broad peak has drastically decreased in
presence of MB. It may be ascribed to change in the
chemical state of metallic oxide (O2-) when MB molecules
get adsorbed on the surface of oxide NPs. Lu et al. [30]
reported that a clean Ti sample does not give an O1s peak,
but form a titanium oxide layer (O2-) on the surface of Ti
sample when exposed to excess oxygen, it results in a peak
near 531.2 eV (Figs. 7, 8).
Photoluminescence study
Figure 9 shows the emission spectra (620–680 nm) of
MB–Cu2O dispersions consisting of (a) 0, (b) 1.0, (c) 2.0,
(d) 3.0, (e) 5.0, and (f) 10.0 lM Cu2O NPS in water,
excited at 630 nm. As it is seen from Fig. 9, addition of
1 lM Cu2O NPs caused only 18 % quenching of emission
intensity of MB molecules and it has reached about 78 %
after adding as large as 10 lM Cu2O NPs. Such a notice-
able decay in the emission intensity is ascribed to existence
of a surface interaction between oxide NP and MB mole-
cules as non-bonding electron (n) transfer occurs from
S-atom of MBH molecules (see Scheme 2) to the surface
of oxide NPs. Similar quenching in the emission intensity
of various fluorophores was already reported in presence of
an efficient light quencher like Au NP and ascribed to
Scheme 1 Structure of methylene blue
Scheme 2 Decolorization of methylene blue dye in presence of Cu2O NPs
Table 1 Zeta potentials and
full width at half maximum
(FWHM) values for Cu2O NPs
before and after addition of MB
dye
Samples n-value (mV) FWHM (mV)
(a) Cu2O NPs before MB addition (-) 11.0 9.8
(b) Cu2O NPs immediately after MB addition (?) 4.0 11.0
(c) Cu2O NPs after 30 min of MB adsorption (-) 20.0 13.7
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charge transfer interaction between these two moieties [31–
34]. Zou et al. [12] have reported interfacial charge transfer
process between different Cu2O crystal facets and rGO
sheets. They ascribed the strong PL quenching in case of
octahedral Cu2O/rGO crystal to a strong interfacial inter-
action between Cu2O NPs and rGO sheets.
We also studied the variation of integrated emission
intensity of MB molecules against Cu2O contents and it is
found that emission intensity of MB molecules have
quenched intensely by addition of Cu2O NPs (Fig. 10a).
Further we studied PL quenching of MB molecules in
presence of an oxide quencher using the well-known Stern–
Volmer equation [25, 34] which can be written as:
F0=F ¼ 1 þ KSV Q½  ð1Þ
where ‘F0’ and ‘F’ are the emission intensities of MB
molecules in absence and presence of quencher (i.e., here it
is Cu2O NPs); [Q] is the concentration of quencher (i.e.,
Cu2O NP) and KSV is quenching constant which tells about
efficiency of a quencher. Figure 10b demonstrates the
dependence of F0/F on the concentration of Cu2O NP. A
linear relationship between F0/F and Cu2O NPs content as
observed from the plot reveals that only one type of
quenching occurs in the system [33, 34]. We obtained a
KSV value of 3.5 9 10
5 M-1 which can be obtained from
the slope of the linear line. A linear Stern–Volmer plot
reveals dynamic quenching mechanism in this system [32,
34]. Further, such a large KSV value suggests existence of
strong surface interaction between MB molecules and
Cu2O NP via S-atom of MBH molecule [32, 34, 35]. Tong
et al. [35] have studied the interaction between MB dye and
calf thymus deoxyribonucleic acid (ct-dRNA) by PL




























Fig. 8 XPS spectra (O1s band) of Cu2O nanocrystals: a before and




















Fig. 9 Emission spectra of MB with different Cu2O NPs content in
water; a 0, b 1.0, c 2.0, d 3.0, e 5.0, and f 10.0 lM, excited at 630 nm
Int J Ind Chem (2016) 7:157–166 163
123
upon addition of 55.6 lM ct-dRNA, the fluorescence
intensity of MB can be quenched up to 80 % with no shifts
in the emission wavelength owing to intercalation binding
between MB and the ct-dRNA.
Microstructures
Morphologies of oxide NPs were studied from the FESEM
and TEM images. In Fig. 11a, the SEM image shows
nanoclusters of various architectures whose average
diameters lies in the range of 5–15 nm. The TEM image in
Fig. 11b from the same sample also illustrates nanoclusters
of various shapes and sizes. An average size of 10 nm is
estimated from the TEM image. Data are well supported by
the DLS data (discussed in ‘‘FTIR spectra and DLS’’ sec-
tion). Uniform distributions of Cu2O NPs are observed
from microscopic images. Zou et al. [12] have reported that
relatively larger size particle lie in the range of
200–400 nm for Cu2O NPs of various shapes such as
octahedral, dodecahedral and cubic crystals which were
deposited on the surface of rGO.
Conclusions
We synthesized Cu2O NPs using a green chemistry route
and studied the photodegradation of MB dye in the visible
region in presence of Cu2O NPs in aqueous medium.
Absorption spectra revealed that %decomposition of MB
dye decreases non-linearly with Cu2O contents and it
reaches a value of 90 % after light exposure for 120 min.
XRD result implies that adsorption of MB dye on the
surface of oxide particles hardly alters the crystallite size.
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Fig. 10 a Variation of integrated emission intensity with Cu2O content and b Stern–Volmer plot of F0/F versus Cu2O content. The linear fit
gives F0/F = 1.04 ? 0.35 [Cu2O]
Fig. 11 a FESM image and b TEM image of surfactant-capped Cu2O NPs
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original catalytic activity. XPS, FTIR, and zeta potential
measurements suggest that an interfacial interaction which
exists between MB dye and Cu2O NPs is responsible for
photodegradation of MB dye in presence of oxide NPs.
Extensive quenching in the emission intensity of MB
molecules in presence of Cu2O NPs is ascribed to existence
of a charge transfer-type interaction between oxide NP and
MB molecules as transference of non-bonding electron
(n) occurs from S-atom of MBH molecules to the surface
of oxide NPs. A linear Stern–Volmer plot reveals existence
of dynamic quenching mechanism in this system.
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